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Globally 75% of malnutrition is in rural areas of which amino acid deficiency 
is especially problematic. Nitrogen fertilizers are also expensive.  
 
Symbiotic Nitrogen Fixation (SNF)  - Rhizobia bacteria inside legume root 
nodules convert atmospheric N2 gas into ammonia to build protein, 
chlorophyll and other organic molecules 
which can be released into 
soil during decomposition 
as organic fertilizer 
 
root 
nodule plant cell rhizobia 
atmosphere 
 
Problem 1: Sub-optimal rhizobia in soil 
Solution: Coat seeds or spray soil with compatible/improved 
rhizobia bacteria (technology called “rhizobia inoculant”) 
 
Problem 2: Poor crop variety 
Solution: Breed/select legumes with improved SNF  
(e.g. more active nodules, or resistance to drought stress) 
 
Problem 3: Low micronutrients in soil (or P fertilizer) 
Solution: Add fertilizers to the soil (Mo, B) 
 
 
For all of these, one needs to diagnose the problem and test 
different possible solutions (e.g. test many rhizobia strains) 
  
How can SNF be improved to help farmers, especially smallholder farmers? 
• Dry matter yield method (DM) 
• Total N difference method 
• Nodule observations 
• Acetylene reduction assay (ARA) 
• Hydrogen evolution 
• Xylem-solute technique 
• 15N isotope (%Ndfa)*** 
Current methods for assessing SNF and their limitations 
     Limitations 
• Vary in reliability 
• Time consuming 
• Expensive ($10-20 per sample) 
• Can analyze only few samples 
at a time 
• Difficult to examine  
   nodule to nodule variation 
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Williams and Miller (2001) 
Legumes – a portion of fixed nitrogen is transferred to 
leaves as amino acids such as glutamine (Gln) 
The GlnLux biosensor is an E.coli auxotroph that detects the  
amino acid glutamine, grows and releases measurable photons 











GlnLux Agar Assay for High-Throughput 
Screening Bacterial Colonies for N-fixation  
(1-2 h protocol) 
Illustration by Lisa Smith 
Shehata, Tessaro, Annan, Dong and Raizada (2016) In preparation 
USDA 510 nif - 
USDA 110 nif + 
8 h 
USDA 510 nif - 





Colonies of Bradyrhizobium japonicum (510,110) and Sinorhizobium 
meliloti (1312, JO810) wild type versus mutant nif strains on 
GlnLux agar after incubation for 8-22 hrs. Images were taken using 
CCD camera using a 600 sec exposure. 
The GlnLux biosensor can detect nitrogen 
fixation output in single colonies on agar 
Shehata, Tessaro, Annan, Dong and Raizada (2016) In preparation 
GlnLux agar technology was used to detect nitrogen fixation in 
bacterial endophytes isolated from maize seeds 
Shehata, Tessaro, Annan, Dong and Raizada (2016) In preparation 
Detection of BNF Number of endophyte strains 
Total GlnLux + 54 
GlnLux + and ARA or DBH + 53 
GlnLux + and ARA or DBH - 1 







Dot blot hybridization 
with nif probe 
(out of 96) 
(possible false positive) 
(possible false negatives) 
GlnLux assays permit high throughput 
screening of in vitro nitrogen fixation  
•Thousands of colonies can be screened in a single day inexpensively 
and rapidly 
 
•However, there are capital costs 
 
•May enable screening for: 
 --new nitrogen fixing bacteria 
 --selection of inoculants (e.g. directed evolution) for improved 
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GlnLux Agar 
Leaky root tissue 
Leaky root tissue 
Gln Gln Gln 
GlnLux-agar Incubate  
At 37 oC 
CCD Camera 
Gln Gln Gln 
Freeze roots in 
-80 oC 
Current problem is detecting extent of low activity nodules within 
a root system (e.g. due to stress): GlnLux Agar Assay for Detecting 
SNF Output at Nodule Scale Resolution (1-2 h protocol) for any 
Legume Species/Variety-Rhizobia Combination 
Grow plants 
without N 
or only starter N 
Methodology: Primarily indoors without added N 
(except starter N) 
 
 
248 3841 VF39 control 
1312 (nif-) 1021 (nif+) 1312 (nif-) 1021 (nif+) 1312 (nif-) 1021 (nif+) 1312 (nif-) 1021 (nif+) 
510 (nif-) 110 (nif+) 510 (nif-) 110 (nif+) 510 (nif-) 110 (nif+) 510 (nif-) 110 (nif+) 
Identification of Active Sites of SNF using Split Root 
Systems (wild-type vs nif mutant rhizobia) 
Green peas (Pisum sativum L.) 
Soybean (Glycine max (L.) Merr.) 
Thilakarathna and Raizada (2016) Submitted 
1312 (nif-) 1021 (nif+) 1312 (nif-) 1021 (nif+) 1312 (nif-) 1021 (nif+) 1312 (nif-) 1021 (nif+) 
3940 (nif-) 3841 (nif+) 3940 (nif-) 3841 (nif+) 3940 (nif-) 3841 (nif+) 3940 (nif-) 3841 (nif+) 
Identification of Active Sites of SNF using Split 
Root Systems (wild-type vs nif mutant rhizobia) 
Alfalfa (Medicago sativa L.) 
Lentil (Lens culinaris Medik.) 
Thilakarathna and Raizada (2016) Submitted 
Punch a leaf disk 
Freeze in 
liquid nitrogen 
Grind with sand +  





(dilute 1/100)  
M9 minimal medium + 
plant extracts + 
GlnLux bacteria 
Incubate at 37 oC  
Measure Lux 
Most applicable to scientists working with smallholder farmers: 
GlnLux 96-well Liquid Assay for in planta nitrogen fixation: 
 Uses a single leaf punch  
(3 h protocol, $1 USD per sample) 
Allow luminescence to accumulate 
Compare tissue Gln level 
Grow plants 
without N 
or only starter N 
Effect of different rhizobia strains on SNF of 
lentil: GlnLux leaf punch liquid assay 
 Rhizobia strains Rhizobia strains 
b c 
d 
Thilakarathna, Moroz  and Raizada (2016) Submitted 
 Rhizobia strains 
c a b 
R99 OAC Mist OAC Rico Sanilac 
Effect of different crop varieties on SNF of 
common bean: GlnLux leaf punch liquid assay 
d 
 Crop varieties 
 Crop varieties  Crop varieties 
Thilakarathna, Moroz  and Raizada (2016) Submitted 
Relevance of GlnLux leaf punch liquid assay from the 
greenhouse to the field: Common bean 
Greenhouse data Field Data (low N field)  
Crop varieties Crop varieties 
*Mean %Ndfa of bean cultivars under field conditions in 2011 and 2012 (Farid 
and Navabi 2015)  
Crop varieties 
* 
Conclusions to Part I – GlnLux biosensor 
• GlnLux biosensor is a new method to measure SNF output in 
non-transgenic ureide- and amide-exporting legumes. 
• Glnlux agar permits screening of colonies of rhizobia for SNF 
activity, potentially to permit strain improvement. 
• GlnLux 96-well liquid assay uses single leaf punches to 
measure relative SNF output in plants growing without 
exogenous N, making it a rapid, low-cost, high throughput 
screening method. 
• GlnLux agar permits visualization of active sites of nitrogen 
fixation.  
• GlnLux can be used to pre-screen plants inoculated with 
different rhizobia candidates prior to field testing. 
• GlnLux may be useful for pre-screening of crop varieties that 
vary in SNF prior to field testing. 
• GlnLux measures Gln only which limits the assay. 
 
 
GlnLux may be a good tool for the early 
stages of legume variety and rhizobia 
screening, but can be used on smallholder 
farms to quantitatively diagnose low 
nitrogen fixation and improved nitrogen 
fixation? 
Question? 
GlnLux field trials with terrace farmers in Nepal   
Kaski (Nepal) terrace field trial - Adjusted grain yield (g) 
demonstrates that rhizobia inoculant response is site-
specific and hence an inexpensive diagnostic technology is 


















+  B +Mo 
22 194 292 548 348 559 
29 1076 447 466 294 518 
B = boron fertilizer           Mo = molybdenum fertilizer 
22 286 259 199 133 170 
39 96 87 158 256 273 
Cowpea 
Common bean 
GlnLux technology has been transferred to Nepal (NGO, LI-BIRD) 
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Helping farmers to overcome barriers to maximize 
legume production as part of the Sustainable Agriculture 
Kit (SAK) Project on Nepalese terrace farms 
• 1. Funded by a $2.3 million grant from the Canadian International Development 
Research Centre (IDRC) and Global Affairs Canada (Canadian PI: MN Raizada). 




A holistic, farm-systems and  
human-centered based approach is being 
undertaken based on farmer-identified 
opportunities and complaints……… 






A low cost seed planter (jab planter) to reduce the need for human  
and livestock labour especially on narrow terraces 
A low cost seed planter (jab planter) to reduce the need for human  













Jab planter Plough Indifferent
Preference with respect to tiredness 





•100 farmers are 











New weeding tool made by local Nepalese blacksmiths, creating local  
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Problem: There are ~400 million smallholder farming families (<2Ha) 
who have little cash income. They live in remote areas, receive little 
knowledge extension support and have poor access to private sector 
inputs and markets.  
 
Farmer pilot projects by NGOs and governments are typically not scaled 







The Challenge of Scaling Up 
http://ccafs.cgiar.org/ 
Challenge of Scaling Up is Enormous in the 
Remote, Mountainous Regions of Nepal 
Step 1. Survey local farmers for their 
needs and innovations with 
partnership with a grassroots NGO 
Sustainable Agriculture Kit (SAK) Methodology 
Variable Kaski Dhading 
Finger Millet Stamping with feet:30 
Beating with sticks:12 
 
Feet: 10 
Beating with sticks:15 
 
Maize Hand: 29 
Cobs placed in sack and 
beaten with sticks: 29 
Hand:15 
Cobs placed in sack and 
beaten with sticks: 8 
Cowpea Beating by sticks: Hand: 21 Beating by sticks:1 
Hand: 5 
Ricebean Beating by sticks: 
Hand:4 
Beating by sticks:2 
 
Bean Beating by sticks:  
Hand: 13 
Beating by sticks:2 
Hand: 4 
Horsegram Beating by sticks: 4 
 
Beating by sticks:2 
 
Proposed intervention:  simple kernel sheller…………. 
Example: Nepal SAK Survey Question:  Corn kernels were being 
removed from cob by labour-intensive methods for women 
Data collected by LI-BIRD, Nepal (unpublished) 
Innovation: A $2 handheld tool to reduce kernels of corn from the cob  
(corn sheller) reduces female drudgery and prevents kernel breakage 
Step 1. Survey local farmers for their 
needs and innovations with 
partnership with a grassroots NGO 
Sustainable Agriculture Kit (SAK) Methodology 
Step 2. Decide menu of innovations 
that are low cost, purchasable, low 
labour, women friendly, sustainable 


Step 1. Survey local farmers for their 
needs and innovations with 
partnership with a grassroots NGO 
Step 3. Test candidate innovations 
with test farmers (2 seasons, n=20 
per innovation, split plots)  
Sustainable Agriculture Kit (SAK) Methodology 
Step 2. Decide menu of innovations 
that are low cost, purchasable, low 
labour, women friendly, sustainable 









Hand corn sheller Traditional method














•One woman can 
remove up to 80 kg 
of grain in a single day 
•11,000 corn shellers  
have already been  
procured with ~15,000 
more planned by 2017 

Step 1. Survey local farmers for their 
needs and innovations with 
partnership with a grassroots NGO 
Step 3. Test candidate innovations 
with test farmers (2 seasons, n=20 
per innovation, split plots)  
Sustainable Agriculture Kit (SAK) Methodology 
Step 4. Use participatory surveys 
with test farmers to rank best 
innovations for scaling up 
Step 2. Decide menu of innovations 
that are low cost, purchasable, low 
labour, women friendly, sustainable 
Participatory Champion SAKs Identification 
Exercise @ Majthana, Nepal  
Women Participants: 17 
Place Conducted:  
Gairi Saura, Kaski 
SAKs Interventions:  
26 SAKs options 
Men Participants: 12 
Results of Champion SAKs Identification Exercise  
By Women Farmers @ Majthana 
SAK Products/ Practices Score SAK Products/ Practices Score 
$2 Hand Corn Sheller 54 
Free - Terrace Wall Crop 
(Yam, Chayote, Pumpkin, 
Cowpea) 
54 
Free - Yam in Sacks 54 Rhizobium Trials  24 
$2 Composite Vegetable 
Kits 54 $200 - Mini Tiller 26 





Free - Edge Crops (rice 
bean, horse gram, 
blackgram) 
54 etc etc (~18 more) 
Step 1. Survey local farmers for their 
needs and innovations with 
partnership with a grassroots NGO 
Step 3. Test candidate innovations 
with test farmers (2 seasons, n=20 
per innovation, split plots)  
Sustainable Agriculture Kit (SAK) Methodology 
Step 4. Use participatory surveys 
with test farmers to rank best 
innovations for scaling up 
Step 2. Decide menu of innovations 
that are low cost, purchasable, low 
labour, women friendly, sustainable 
Step 5. Procure and sell individual 
items from the regional menu to 
consumer farmers using pre-existing 
snackfood/cigarette/alcohol dealers 
into village stalls, using the NGO-
spinoff company 
Little stalls in the most remote villages around the world sell snacks, 
cigarettes and alcohol via pre-existing distributors 
Nepal, Dhading village stall 
(photo: M Raizada) 
Current SAKNepal Private Sector 












Chitwan 2 3 3 3 11 
Nawalparasi 3 2 2 3 10 
Tanahu 2 3 3 2 10 
Dhading 2 2 3 4 11 
Gorkha 2 3 3 5 13 
Kaski 2 2 4 4 12 
Parbat 2 2 3 3 10 
Baglung 2 1 3 3 9 
Myagdi 2 1 3 2 8 
Lamjung 2 2 3 3 10 
TOTAL 21 21 30 32 104 
Step 1. Survey local farmers for their 
needs and innovations with 
partnership with a grassroots NGO 
Step 3. Test candidate innovations 
with test farmers (2 seasons, n=20 
per innovation, split plots)  
Sustainable Agriculture Kit (SAK) Methodology 
Step 4. Use participatory surveys 
with test farmers to rank best 
innovations for scaling up 
Step 2. Decide menu of innovations 
that are low cost, purchasable, low 
labour, women friendly, sustainable 
Step 5. Procure and sell individual 
items from the regional menu to 
consumer farmers using pre-existing 
snackfood/cigarette/alcohol dealers 
into village stalls, using the NGO-
spinoff company 
Step 6. Accompany each product 
with instructions in picture format, 
and a menu of practices in picture 
booklets,  to communicate with 




•Individual lessons  





Participatory editing of the SAK Picture Book with 56 
female farmers lead by Rachana Devkota in Nepal  
~500 edits requested!  
•African version completed 
Other versions in progress 
•East/Southeast Asia 
•Latin America 
•North Africa/Middle East 
•Users can download individual 
lessons and add own text  
translations, and create custom  
booklets  
Step 1. Survey local farmers for their 
needs and innovations with 
partnership with a grassroots NGO 
Step 3. Test candidate innovations 
with test farmers (2 seasons, n=20 
per innovation, split plots)  
Sustainable Agriculture Kit (SAK) Methodology 
Step 4. Use participatory surveys 
with test farmers to rank best 
innovations for scaling up 
Step 2. Decide menu of innovations 
that are low cost, purchasable, low 
labour, women friendly, sustainable 
Step 5. Procure and sell individual 
items from the regional menu to 
consumer farmers using pre-existing 
snackfood/cigarette/alcohol dealers 
into village stalls, using the NGO-
spinoff company 
Step 6. Accompany each product 
with instructions in picture format, 
and a menu of practices in picture 
booklets,  to communicate with 
illiterate women farmers 
Step 7. Use mobile phones to obtain 
feedback from consumer farmers on 
efficacy and improvements needed 
The cell phone penetration rate in 
Nepal is 83% 
SAKNepal Project Goal: To reach 100,000 people 
(25,000 households) by early 2018 
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Ureide exporters  
(amino acids as minor fraction) 
Amide exporters 
(amino acids as major fraction) 
* Soybean 
* Common bean  
* Kidney bean  
* Cowpea 
* Pigeon pea 








GlnLux 96-well Assay to Measure Relative SNF Output from 
Rhizobia Liquid Cultures 
(3 h protocol, 10-20 cents per sample) 
Illustration by Lisa Smith 








C D E 
* * * * * 
GlnLux agar can detect N-fixation activity from rhizobia colonies plates 
on GlnLux agar (Sinorhizobium meliloti) 
GlnLux cells co-incubated with rhizobia in 96-well liquid culture plates 
can measure how N fixation responds to the environment 
Shehata, Tessaro, Annan, Dong and Raizada (2016) In preparation 
Effect of different rhizobia strains on SNF of 
soybean: GlnLux leaf punch and agar assays 
a c b 
 Rhizobia strains  Rhizobia strains  Rhizobia strains 
Thilakarathna, Moroz and Raizada (2016) Submitted 
d 
Effect of different rhizobia strains on SNF of 
soybean: GlnLux leaf punch and agar assays 
a c b 
24 hr 
 Rhizobia strains  Rhizobia strains  Rhizobia strains 
f 
Thilakarathna, Moroz and Raizada (2016) Submitted 
4 hr d e f d 
Rhizobia strains Rhizobia strains Rhizobia strains 
d 24 hr 
Effect of different rhizobia strains on SNF of lentil: 
GlnLux imaging of roots 
Thilakarathna, Moroz and Raizada (2016) Submitted 
Rhizobia strains 
Control 3841 VF39 17-B 248 Control 3841 VF39 17-B 248 Control 3841 VF39 17-B 248 
Light image White lux image False-colored lux image  
Rhizobia strains Rhizobia strains 





Effect of different crop varieties on SNF of 
common bean: GlnLux imaging of roots 













Light image White lux image False-colored lux image  
a Thilakarathna, Moroz and  Raizada (2016) Submitted b 
c d e 
 Crop varieties  Crop varieties 
 Crop varieties  Crop varieties  Crop varieties 
